ObjectiveaaThis study aimed to examine the associations between depression and both coronary artery disease (CAD) and cardiovascular risk factors (CVRs) in Korean women. Furthermore, this study sought to determine whether depression was associated with use of healthcare services in women with CAD or CVRs. MethodsaaThis cross-sectional study was conducted on 26,335 women who were aged 19 years or older, and who participated in the Korean National Health and Nutrition Examination Survey (2007Survey ( -2014. Associations of prior diagnosis of depression with CAD and CVRs and with nonutilization of healthcare services were investigated. ResultsaaWomen with depression had a higher prevalence of CAD and CVRs including obesity, hypertension, dyslipidemia, and metabolic syndrome than those without depression. In addition, depression was significantly associated with nonutilization of healthcare services in women with most CVRs. ConclusionaaConsidering the high rate of comorbid depression with CAD or CVRs and the low levels of health service utilization in depressed patients, screening for common CVRs, such as obesity, hypertension, and dyslipidemia, should be provided for patients with depression in mental health care settings. 
INTRODUCTION
Depression and cardiovascular disease are currently the 2 most common causes of disability in high-income countries and expected to become so for countries of all income levels by 2030. 1 Previous studies have shown that depression is associated with increased risk of cardiovascular disease 2 and an independent major risk factor for the onset of a wide range of cardiovascular diseases and cardiac mortality. 3, 4 In addition, many studies have reported causative relationships between depression and hypertension, 5 diabetes, 6 obesity, 7, 8 dyslipidemia, 8 Print ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS and metabolic syndrome, 9, 10 which are known to be cardiovascular disease risk factors (CVRs). Moreover, several studies have reported a clear sex difference in the relationship between depression and cardiovascular disease, 4 for example, in one study, 4 women with depression were at significantly greater risk of cardiac mortality relative to men with depression. Depression is a risk factor not only for cardiovascular disease but also for worse prognoses. Comorbid depression and cardiovascular disease increase medical costs 11 and healthcare utilization. 12 Comorbid depression and coronary artery disease (CAD) are associated with higher hospital readmission rates and increased overall and outpatient healthcare costs. 13 Depression in congestive heart failure patients is also an independent predictor of mortality and rehospitalization.
14 In addition, nonadherence to medication regimens is associated with significant clinical and economic burden, 15 and the rate of medication nonadherence in patients with comorbid depression and coronary heart disease is double that of nondepressed patients with coronary heart disease. 16 Given the high comorbidity rate for depression and cardio-
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Se Jin Park 1 , Jung Won Jang 1, 2 , Ah Young Kim 1 , Seungyeon Hong 1 , Boram Yuk 1 vascular disease or CVRs, and the resultant disease burden, it is important to understand the impact of depression on healthcare utilization in patients with comorbid depression and cardiovascular disease or CVRs. Therefore, this study aimed to examine the associations between depression and CAD and CVRs in women aged 19 years or older, based on nationally representative data collected in Korea. Furthermore, the study sought to determine whether depression was associated with increased or decreased use of healthcare services in women with CAD or CVRs.
METHODS
Data source and study sample
This study used cross-sectional data from the Korean National Health and Nutrition Examination Survey (KNHANES) conducted by the Korea Centers for Disease Control and Prevention between 2007 and 2014. The KNHANES targeted the noninstitutionalized Korean civilian population and monitored trends in the prevalence, awareness, treatment, and control of selected chronic diseases; assessed trends in nutritional status and risky behavior; and analyzed risk factors for chronic diseases. The survey used a stratified multistage probability sampling strategy based on geographical region, sex, and age, and consisted of a health interview survey, health examination survey, and nutrition survey. The health examination survey was conducted in local community health centers and clinics, and standardized protocols were used to assess anthropometry, blood pressure, and laboratory indices. The Institutional Review Board at the Korea Centers for Disease Control and Prevention approved the survey protocol (2007-02CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, and 2013-12EXP-03-5C). All participants of the KNHANES used in the current study provided written informed consent. The KNHANES data used in the present study is freely available. 
Measures
Definition of depression
Women who reported having been diagnosed with depression by a physician at some point during their lives were considered depressed; therefore, for the purposes of this study, the definition of depression included both previous and current depression. The survey subjects were asked the following questions: "Have you ever had depression?" followed by "Have you ever been diagnosed with depression by a physician?" The cases involving depression were limited to those in which women answered "yes" to both questions.
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Definition of CAD
CAD was considered present if subjects reported angina or myocardial infarction, which were assessed in the health interview, using a dichotomous (responses of "yes" or "no") question: "Have you ever been diagnosed with angina or myocardial infarction by a physician?"
Definition of CVRs
CVRs included obesity, hypertension, diabetes, dyslipidemia, and metabolic syndrome, which were measured during the health examination. Anthropometric measurements included height, body weight, body mass index (BMI), and waist circumference. Height was measured to the nearest 0.1 cm with the subject standing barefoot. Body weight was measured to the nearest 0.1 kg using a balance scale. Waist circumference was measured to the nearest 0.1 cm at the midpoint between the subcostal and suprailiac landmarks, using a fiberglass tape. Health professionals measured blood pressure 3 times, using a mercury sphygmomanometer, after subjects had rested for 5 minutes in a stable state. The mean values for the second and third measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP) were included in the analysis. Blood samples were collected from the antecubital vein after subjects had fasted for at least 8 hours. Fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured using an automated hematology analyzer BMI was calculated using measurements of subjects' weight and height [weight (kg)/height (m 2 )]. Obesity was considered present if subjects had a BMI of ≥25 kg/m 2 . Hypertension was considered present if subjects had SBP of ≥ 140 mm Hg, DBP of ≥90 mm Hg, or a prescription for hypertension medication. Diabetes was considered present if subjects had an FPG level of ≥126 mg/dL, diabetes diagnosed by a physician, or a prescription for diabetes medication or insulin injections. Dyslipidemia was considered present if subjects had at least 1 of the following: high total cholesterol (≥240 mg/dL or medication for cholesterol), low HDL-C (<40 mg/dL), high LDL-C (≥160 mg/dL or medication for cholesterol), or high TG (≥200 mg/dL) levels. Metabolic syndrome was considered present if at least 3 of the following 5 criteria were satisfied: 1) abdominal obesity (waist circumference of ≥85 cm), measured using a Korean-specific standard; 2) high blood pressure (SBP of ≥130 mm Hg or DBP of ≥85 mm Hg); 3) a high TG level (≥150 mg/dL); 4) a low HDL-C level (<50 mg/dL); and 5) elevated FPG (≥100 mg/dL). 17 We used the version of the National Cholesterol Education Program's Adult Treatment Panel III criteria recommended by the American Heart Association and the National Heart, Lung, and Blood Institute.
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Nonutilization of healthcare services
Participants were asked about nonutilization of healthcare services despite a requirement for medical care during the preceding year, using the question, "During the past year, have you decided not to visit a hospital or clinic center (excluding dental clinics/hospitals) despite needing medical care?" A response of "yes" indicated nonutilization of healthcare services. Healthcare services included treatment, preventive medical care (immunization, screening, and health examination), physical therapy, and rehabilitation and excluded dental health services.
Covariates
Sociodemographic characteristics included age, educational level (<high school or ≥high school) and monthly household income (quartile 1, quartile 2, quartiles 3, and 4). Chronic physical conditions, assessed via the health interview, included chronic obstructive pulmonary disease, asthma, stroke, arthritis, tuberculosis, chronic renal failure, atopic dermatitis, thyroid gland, cancer, and cirrhosis of the liver. The overall number of chronic physical conditions included these 10 conditions, 1 CAD, and the 5 CVRs mentioned above and therefore ranged from 0 to 16.
Statistical analysis
Considering that the KNHANES involved a complex sampling design, weighted values were applied using the surveyrelated procedure in SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) for all analyses, to produce nationally representative estimates and correct variance estimates. The prevalence rates for CAD and CVRs were age-standardized into 10-year age groups, using the standard population in the Population Projections for Korea: 2010-2016 (based on the 2010 census), and standard errors (SEs) were estimated for the age-standardized rates. Log-binomial regression was performed using PROC GENMOD procedure in SAS statistical software, to estimate adjusted prevalence ratios (APRs) for CAD and CVRs for women with and without depression after adjusting for age. To compare the general characteristics of women with CAD or CVRs according to the presence of depression, Student's t test and χ 2 tests were performed for continuous and categorical variables, respectively. To examine the effect of depression on healthcare utilization, multivariable logistic regression was used to calculate adjusted odds ratios (AORs) and 95% confidence intervals (CIs), adjusted for age, educational level, monthly household income, and number of chronic physical conditions (0-16). The analysis model included nonutilization of healthcare services as a dependent variable and depression as an independent variable. The significance level was set at p<0.05 for all analysis.
RESULTS
Association between depression and CAD/CVRs
Of the 26,335 women aged 19 years or older included in the study, 1,505 (5.43%) had been diagnosed with depression by a physician. With respect to comorbidity, 994 (66.05%) of the 1,505 women with depression and 13,746 (55.4%) of the 24,830 women without depression had comorbid CAD or CVRs (Figure 1) .
The CAD prevalence rate in women with depression (2.1%, SE=0.29) was approximately 1.5 times higher relative to that of those without depression (1.46%, SE=0.08) after adjusting for age (adjusted prevalence ratio=1.471, 95% CI=1.455-1.488). In addition, prevalence rates for obesity, hypertension, dyslipidemia, and metabolic syndrome in women with depression were higher relative to those observed in women without depression. However, there was no significant difference in diabetes prevalence rates between women with and without depression (Table 1) .
Association between depression and healthcare utilization in women with CAD or CVRs
Women with depression were significantly older (p<0.001) and reported lower educational levels (p=0.004) and household income (p=0.009) and higher numbers of chronic physical conditions (p=0.017) relative to women without depression (Table 2) . Women with CAD or CVRs and comorbid depression were generally less likely to have used healthcare services despite a need for medical care during the preceding year relative to those without depression. In particular, after adjusting for (Table 3) .
DISCUSSION
The age-standardized prevalence rates for CAD and CVRs (with the exception of diabetes) in women with depression were significantly higher relative to those observed in women without depression. In addition, depression was significantly associated with nonutilization of healthcare services in women with most CVRs (obesity, hypertension, dyslipidemia, and metabolic syndrome).
Consistent with previous studies, depression was associated with increased CAD 2-4 and risk factors for CAD development.
5,7-10 A meta-analysis of 19 prospective cohort studies (n= 323,709) reported that depression was associated with a significant increase in risk of myocardial infarction and coronary death. 3 A longitudinal Finnish study showed that the risk of metabolic syndrome at follow up was 2.5 times higher, relative to that observed at baseline, in women with depressive symptoms. 10 A meta-analysis of longitudinal studies showed that depressed people were at significantly greater risk of developing obesity relative to nondepressed people. 7 In addition, a large population-based study found that elderly people with depression exhibited significantly higher odds for receiving a diagnosis of hypertension, after adjustment for sociodemographic variables and comorbid chronic diseases, relative to those observed in people without depression. 5 However, the results of the current study did not show a significant association between depression and diabetes. A longitudinal cohort study in the USA (follow-up 6.0 years) had reported that depressive symptoms predicted incident diabetes after adjusting for socio-economic factors, lifestyle factors, and metabolic covariates. 6 In contrast, in another longitudinal study in the USA (mean follow-up 9.0 years), no association was observed between depressive symptoms and development of diabetes after adjusting for socio-demographic factors, known diabetes risk factors (body mass index and physical activity). 19 The inconsistency between studies' results might be due to differences in the study methodology (e.g., longitudinal vs. crosssectional) and the methods adopted to measure depression (e.g., self-reported diagnosed depression vs. questionnaires for depressive symptoms) and diabetes (e.g., self-reported diagnosed diabetes vs. diabetes diagnosed by a physician, a blood sample test, or a prescription for diabetes medication).
The relationships between depression and alterations in autonomic nervous system and hypothalamic-pituitary-adrenal axis functioning, platelet activation, and inflammation could 21 unhealthy dietary habits, 22 and poor compliance with medical care, in people with depression. 16 More importantly, the results study showed that women with both depression and CVRs, excluding diabetes, were significantly less likely to use healthcare services relative to those with CVRs alone. Mental illness is known to be a significant barrier to the receipt of medical services. For example, patients with mental illness were approximately twice as likely to report having been unable to obtain necessary medical care or experience a delay in seeking care because of cost, relative to those without mental illness, in a US sample. 23 Druss et al. 24 suggested several possibilities for lower likelihood of receiving medical treatment in individuals with mental disorders; one was low socioeconomic status, which could lead to a delay in seeking medical care because of cost, and another was that the cognitive or affective symptoms of mental disorders led to diminished capacity for medical decision making and complicated the provision of effective aftercare. 24 In addition, individuals with depression could been less likely to use healthcare because of self-neglect, 25 low self-efficacy, 26 and a lack of autonomy in receiving healthcare. 27 Moreover, doctors could have focus on depression management issues and neglected patients' physical health issues until they become more severe and obvious. 28 For example, Moise et al. 29 reported that clinical inertia was more likely in patients with hypertension who has also been diagnosed with depression, relative to those who had not been diagnosed with depression. In the current study, comorbid depression did not exert a significant effect on healthcare utilization in patients with severe and critical conditions such as CAD and diabetes; however, in patients with other CVRs, depression could have served as a barrier to healthcare service utilization. Consistent with our results, depressed patients reported poor access to primary care physicians in a Japanese study, 30 and depression has been associated with lower cancer screening rates. 28 The strengths of this study included the use of a large, nationally representative sample and examination of the effects of comorbid depression on healthcare service utilization in patients with CVRs or CAD, which was missing from the literature. Despite these strengths, the results should be interpreted in consideration of some limitations. First, the crosssectional design of the study did not allow us to infer a causal relationship between depression and CAD and/or CVRs. However, some previous studies have suggested a bidirectional relationship. 9 Second, we used self-reported diagnosis and a single question, rather than a standardized assessment tool, to screen for depression; therefore, the data could have been subject to classification errors. 31 However, self-reported diagnosis has generally shown good agreement with medical record data. 32 Third, the questions regarding nonutilization of healthcare services were not specific to CAD or CVRs; therefore, whether the results reflected nonutilization of healthcare services for CAD/CVRs or other medical problems remains unclear.
Considering the high rate of comorbid depression with CAD or CVRs, depression screening should be performed for patients with CVRs or CAD in primary healthcare institutions. In addition, considering the low levels of health service utilization in depressed patients, screening for common CVRs, such as obesity, hypertension, and dyslipidemia, should be provided for patients with depression in mental health care settings. To ensure that these interventions are successful, a comprehensive, collaborative care system should be established to deliver treatment required by people with depression and CAD or CVRs.
